Introduction
Oligometastatic cancer is a term first described in 1995 by Hellman and Weichselbaum as early tumors which metastasize limited in number at an intermediate state between locally confined cancer and widespread systemic metastasis. This term is in contrast to micrometastases, which may be small in size but are large in number. 1 Oligometastatic prostate cancer (PCa) continues to be defined as a disease state which is limited in total disease burden and not rapidly spreading to other sites, usually by number of metastatic lesions clinically evident or radiographically detected. Although many literatures propose various definitions of oligometastatic PCa, most of which are generally defined as less than or equal to three or five extrapelvic metastatic sites. 2e7 Our knowledge about oligometastatic cancer has continued to mature over the past two decades 8 In the meanwhile, emerging genomic data have shown different biological pathways between widespread and limited metastatic diseases for multiple primary cancers, as well as PCa 9, 10 Conventionally, local therapies such as radiotherapy and radical prostatectomy (RP) were provided only to cure the localized disease 11 However, if we could identify patients with true oligometastatic PCas whose diseases were unlikely to disseminate further from the patients destined to develop widespread metastases, there would be the benefit of aggressive therapy such as RP in these patients. 8, 12, 13 2. Incidence of de novo metastatic PCa PCa is the most common cancer and the most common cause of cancer death in Western men. 14 The incidence rates are highest in the high-income regions of the world including North America, western and northern Europe, and Oceania. 15 In the United States, there are 3.3 million men who have been diagnosed with PCa, and there is an estimated 180,000 patients to be newly diagnosed per year. 16 The increasing incidence of PCa observed in western countries has primarily been influenced by an increased use of prostatespecific antigen (PSA) testing. 17 In the Unites States, PSA-based screening has significantly increased the incidence of overall PCa from the 1990s until 2012. 18, 19 The age group 55-69 years that was thought to benefit from screening of PCa had the largest increase in metastatic PCa (mPCa) incidence. 20 However, after the 2012 United States Preventive Services Task Force (USPSTF) recommendation discouraging PSA screening, the reduction in PSA screening in United States resulted in a decline in overall PCa incidence. On the other hand, there was an increase in incidence of mPCa from 2004 through 2013. 21e23 From the US Surveillance, Epidemiology, and End Results (SEER) program, the incidence of de novo mPCa during the periods from 1980 to 2011 increased from 6.7 to 9.9 per 100,000 men. 24 Weiner et al. 25 also reported that 3% of 767,550 men with PCa in their study had de novo metastases at diagnosis.
In Australia, after the amendment of the Royal Australian College of General Practitioners Preventive Activities in General Practice guidelines influenced by the publication of USPSTF guidelines, the incidence of newly diagnosed mPCa increased from 17.7% in prerelease of USPSTF group (2009-2011) to 31.5% in postrelease USPSTF group (2013-2014), which was nearly double. 26 The incidence of de novo mPCa from the European Randomized Study of Screening for Prostate Cancer was reported to be 0.67% and 0.86% per 1000 men in screening arm and control arm, respectively. Besides, there was an absolute reduction of metastatic disease of 3.1 per 1000 men in the screening arm, hence they concluded that the risk of developing de novo mPCa could be reduced by PSA screening. 27 There was also a decrease in de novo mPCa reported by Danish Prostate Cancer Registry (DaPCaR) from 12 to 4.4 per 100,000 men during the periods from 1995 to 2011. Early detection strategy by PSA screening might help to decrease the incidence of de novo mPCa in this population. 28, 29 
Mortality of de novo mPCa
From Southwest Oncology Group Phase III trial, Tangen et al. 30 reported an improvement of overall survival (OS) trends in men newly diagnosed with mPCa despite an increase in incidence in 2012. They discovered that the median OS in men newly diagnosed with mPCa, was improved from 30 months at preprostatic specific era to 49 months at postprostatic specific era. They hypothesized that the improvement of survival may result from significant shift to less extensive metastatic disease overtime. Similarly, Welch et al. 31 proposed that an increased rate of less aggressive features of mPCa may be caused by an early detection strategy.
However, Helgstrand et al. 29 recently reported trends of mortality rate in men newly diagnosed with mPCa analyzed from 2 national cohorts. From the study of SEER in the US, the median OS in patients diagnosed with de novo mPCa was 24.0 months; 95% confidence interval (CI), 23.4-24.4 months. Similarly, the median OS from DaPCaR was 26.0 months; 95% CI), 25.2-26.8 months.
The 5-year overall mortality (OM) after diagnosis of denovo mPCa in SEER study was 79.4%; 95% CI 78.9-79.9%. In this cohort, 5year OM in patients diagnosed during 1980 through 1994 was decreased and consequently increased in recent periods. 24 In DaPCaR, the 5-year OM after diagnosis of de novo mPCa was 78.5%; 95% CI, 77.4-79.5%. However, 5-year OM decreased throughout the study period. 29 In the US cohort, 5-year PCa-specific mortality of de novo mPCa was stable in patients diagnosed during 1980-1994 and increased from 54.2% (95% CI, 52.9%-55.5%) in patients diagnosed during 1990-1994 to 61.0% (95% CI, 59.2%-62.9%) in patients diagnosed during 2005 through 2008 (P < .0001). In the Denmark cohort, 5year PCa-specific mortality significantly decreased from 73.4% (95% CI, 71.2%-75.6%) to 56.8% (95% CI, 54.8%-58.8%; P < .0001). 29 Berg et al. 32 also reported the improvement of survival in de novo patients with mPCa over the last 20 years in Denmark. They found that median OS was longer in men diagnosed between 2007 and 2013 (39.4 months) compared with men diagnosed in 1997 (24.2 months) significantly. In the same way, 5-year cumulative incidence of PCa specific death in men diagnosed between 2007 and 2013 was lower (47%) compared with men diagnosed in 1997 (72%). The improvement of OS may mainly be explained by both lower tumor burden at diagnosis and new treatment strategy. Buzzoni et al. 33 also reported 21% reduction in mPCa mortality in Europe with an increased incidence of PCa by PSA screening. In ESRPC, there was also a reduction in overall PCa mortality for more than 13 years attributable to PSA screening. 34 
Standard treatment of oligometastatic PCa
The standard treatments of mPCa remain unchanged over the past decade. The systemic treatment directed at the androgen axis is used with androgen deprivation therapy (ADT) or surgical castration with or without the use of chemotherapy in hormonesensitive PCa patients. Any forms of ADT including bilateral orchiectomy, Luteinizing hormone-releasing hormone (LHRH) agonist or antagonist are all acceptable options. There is no Level 1 evidence for or against any specific type of ADT except for impending spinal cord compressions patients which LHRH antagonists or orchiectomy are more preferable 35 For more than 5 years, systematic reviews showed that combined androgen blockade using ADT in combination with another antiandrogen has small advantage comparing with ADT alone. 36 There is also a concept of intermittent ADT that may offer protective effect against metabolic syndrome, better bone protection, and improvement in quality of life. 37 Recently, CHAARTED (chemohormonal therapy versus androgen ablation randomized trial for extensive disease in prostate cancer), GETUG-15 (ADT plus docetaxel versus ADT alone for mPCa), and STAMPEDE (systemic therapy in advancing or metastatic prostate cancer: evaluation of drug efficacy) trials support the use of docetaxel as the first-line therapy in patients with mPCa. These trials showed that using docetaxel in combination with ADT may delay the onset of castrate disease and improve survival in patients with high burden metastatic diseases. 38, 39 It is often thought that RP does not improve prognosis in patients whose cancer has spread systemically beyond the prostate, and removal of prostate gland in these patients may offer only palliative care by alleviating local symptoms. 40, 41 Traditionally, definite local therapy such as RP is usually performed for locally or pelvic-confined PCa 11,42e44 There is no recommendation yet for surgery or radiation on the primary tumor in current practice guidelines because of the lack of high-level evidence supporting the treatment of primary tumor in patients with mPCa. 11, 35, 45 National Comprehensive Cancer Network guidelines advocate the use of ADT with or without docetaxel in mPCa, whereas radiation is only used for palliative treatment of local symptoms. 45 Similarly, the European Association of Urology guidelines recommend that surgery is an ineffective treatment for mPCa, and radiation is only used for local symptom control. 11, 35 
Concept of primary tumor treatment in oligometastatic PCa
Oligometastatic PCa is defined as a disease state which is limited in total disease burden and not rapidly spreading to other sites. 1 Genomic data have shown different biological pathways between widespread and limited metastatic diseases in several primary cancers, as well as PCa 9,10 From the "seed and soil" theory, if the facilities of metastatic growth such as fitness of individual cancer cells are not fully developed and the quality of the site for such growth is restricted, tumors may have metastases limited in number and location. 1, 46 There is a theory that cancer cells that are left in the primary tumor as circulating tumor cells have the ability to seed metastases to distant organs. Uncontrolled local tumor may act as a source for seeding to distant organs and self-seeding the primary tumor itself. Therefore, the longer the primary cancer remains in place, the higher is risk of new malignancies and progression of metastases. 47e49 More recently, there is a new emerging concept about the role of RP for the treatment of oligometastatic PCa. The role of surgery in mPCa is supported by several preclinical models. Kadmon et al., 50, 51 injected rats with 3327/MAT-Lu tumor which is a prostatic cancer cell line that has the potential to cause lung metastasis in 100% of cases. They found that rats underwent surgical excision of the primary tumor plus chemotherapy had improved survival comparing with those received chemotherapy alone (42% vs. 0% at 180-day sacrifice). Cifuentes et al., 52, 53 ) used PC3 cells which were derived from a bone metastasis of a human PCa patient for orthotopic injection into mouse prostate. They discovered that after resection of the prostate, the metastatic sites were smaller and less numerous comparing with the control group. These preclinical studies support the hypothesis of cytoreductive surgery in mPCa.
Although there are several ongoing randomized controlled trials (RCTs) regarding the surgical management of the primary tumor in mPCa, all reports to date are observational data or retrospective reviews. Aggressive transurethral resection of the prostate (TURP) is another form of cytoreductive surgery. Qin et al. 54 retrospectively reviewed patients with metastatic hormone-sensitive PCa underwent palliative TURP and found that this resulted in a better and more prolonged response to ADT with a trend toward improvement in disease specific and OS. TURP may provide an alternative approach for cytoreductive surgery besides RP.
There are several retrospective studies about RP in mPCa. The first study was reported by Culp et al. 55 using the SEER database. They evaluated the role of local therapy in men documented stage M1aec (American Joint Committee on Cancer stage) PCa. A total of 8,185 patients with mPCa were identified. RP was performed in 245 patients with 67.4% 5-year OS, and 75.8% 5-year disease-specific survival. Brachytherapy was performed in 129 patients with 52.6% 5-year OS, and 61.3% 5-year disease-specific survival. The remaining 7,811 patients underwent no local therapy with only 22.5% 5year OS, and 48.7% 5-year disease-specific survival. The results suggested that local therapies with either RP or brachytherapy were associated with improved overall and disease-specific survival. However, this study had some limitations that RP was performed in only about 3% of the population, and there might be selection bias.
Antwi and Everson 56 also analyzed patients from the same SEER database with propensity score methods for risk adjustment and found similar results. They also observed that patients underwent RP after diagnosis with mPCa was associated with 73% (Hazard ratio [HR] 0.27, 95% CI: 0.20-0.38) lower risk of all-cause mortality, and 72% (HR 0.28, 95% CI: 0.20-0.39) reduced risk of death from PCa.
Heidenreich et al. 57 reported a caseecontrol study to compare patients with minimal metastatic disease who underwent RP along with ADT with patients with mPCa who received only ADT in control group. A total of 23 patients who underwent RP in addition to ADT were the patients who had clinically localized PCa with equal or less than 3 bone metastatic sites and no visceral disease. Whereas, the other 38 patients in the control group received only ADT. Patients in RP group had significantly better clinical progression-free survival (38.6 vs. 26.5 months, P ¼ 0.032), cancer-specific survival rates (95.6% vs 84.2%, P ¼ 0.043), and longer median time to castration-resistant PCa (40 vs. 29 months, P ¼ 0.04), but OS was not different. There was no statistically significant difference in terms of clinical stage, Gleason score, PSA, and extent of metastases between two groups. However, there were some limitations in this study that the patients in this study were not randomized, and median follow-up time of patients in the control group was longer (47 vs. 34.5 months).
Gratzke et al. 58 evaluated patients diagnosed with mPCa from the Munich Cancer Registry. Of a total of 1,538 patients in their cohort, 74 patients underwent RP. There was 55% 5-year OS rate in RP group in comparison with 21% in patients who did not undergo RP (P < 0.01). However, this study had a limitation that they did not evaluate baseline characteristic and pathologic reports of the patients in their study.
Recently, Gandaglia et al. 59 reported outcomes of 11 patients with oligometastatic PCa who underwent RP in a singleinstitutional series. These patients had a 7-year progression-free survival and cancer-specific survival rates of 45% and 82%, respectively. Although they reported favorable long-term follow-up outcomes in patients with PCa with bone metastases, this study had several limitations. First, this study was a small retrospective review with only 11 patients. Second, patients who underwent RP had good performance status, low disease volume, and favorable PSA level, therefore significant selection bias was observed. Third, there was no control group in this study, thus the oncologic outcomes could not be determined.
Another possible advantage of RP in mPCa is that it may prevent late symptomatic local progression. Patrikidou et al. 60 found that up to 78% of patients who have de nono mPCa will suffer significant local symptoms such as pelvic pain, dysuria, hematuria, and urinary retention throughout their disease course. These patients required palliative RP, cystectomy, or pelvic exenteration to alleviate the symptoms. Therefore, initial definite locoregional treatment at earlier time point in these patients may have a role to prevent the development of late local symptoms.
Recently, there are two prospective RCTs evaluating the effect of radiotherapy in patients with newly diagnosed metastatic PCa which are HORRAD (effect on survival of ADT alone compared to ADT combined with concurrent radiation therapy to the prostate in patients with primary bone metastatic prostate cancer in a prospective randomised clinical trial) and STAMPEDE trials. The HORRAD trial reported outcomes of patients with primary bone metastatic PCa who received ADT combined with concurrent radiation therapy comparing with the patients who received ADT alone. There was no significant difference in OS between two groups (HR 0.9; 95% CI: 0.7-1.14) with median OS of 45 months in the radiotherapy group and 43 months in the control group. However, the median time to PSA progression in the radiotherapy group (15 months with 95% CI: 11.8-18.2) was differed significantly from the control group (12 months with 95% CI: 10.6-13.4) (HR 0.78; 95% CI: 0.63e0.97, P ¼ 0.02) . 61 STAMPEDE, a multicenter randomized controlled Phase III trial compared the outcomes of ADT plus radiotherapy to the primary tumor to ADT alone, in patients with de novo mPCa. 62 This trial showed survival benefit of radiotherapy in oligometastatic PCa. There was no significant difference in OS between two groups (HR: 0.92, 95% CI: 0.80-1.06; P ¼ 0.266). However, radiotherapy could improve failure-free survival (HR: 0.76, 95% CI: 0.68e0.84; P < 0.0001). Moreover, metastatic burden was randomized and classified using the definition from CHAARTED trial. High metastatic burden was defined as four or more bony metastases with one or more outside the pelvis or vertebral bodies, or visceral metastases, or both; all other patients were classified to have low metastatic burden. 38 OS was improved significantly in patients with a low metastatic burden who underwent radiotherapy (HR: 0.68, 95% CI: 0.52-0.90; P ¼ 0.007). In addition, failure-free survival was also improved in men with low metastatic burden (HR: 0.59, 95% CI: 0.49-0.72; P < 0.0001). In contrast, radiotherapy did not improve OS (HR: 1.07, 95% CI: 0.90-1.28; P ¼ 0.420) and failure-free survival (HR: 0.88, 95% CI: 0.71-1.01; P ¼ 0.059) for men with high metastatic burden. By conclusion, although there was no improvement in unselected patients, radiotherapy could improve survival in men with a low metastatic burden. 62 Findings from the STAMPEDE trial support the treatment of primary tumor by radiotherapy in patients with oligometastatic mPCa and is likely to set a new standard of care.
There are several ongoing prospective RCTs evaluating the role of surgery in mPCa such as a prospective multi-institutional randomized, Phase II trial of best systemic therapy (BST) vs BST plus definitive local therapy (surgery or radiation) in patients with mPCa (NCT 01751438), the impact of RP as primary treatment in patients with PCa with limited bone metastases (g-RAMPP, NCT 02454543) which comparing patients received BST alone with BST plus RP, and testing RP in men with PCa and oligometastases to the bone (TRoMbone, ISRCTN15704862) which comparing patients with oligometastatic PCa to bone receiving RP plus standard care with standard care alone.
Local treatment in other metastatic cancers
Decreasing primary tumor burden in metastatic disease by radical or cytoreductive surgery has shown survival benefit in many types of malignancy apart from PCa. There are several data from other oncological entities such as colon cancer, ovarian cancer, and renal cell carcinoma which reveal survival benefit from tumor burden reduction, including primary tumor resection.
In colon cancer, Verwaal et al. 63 published an RCT which evaluated standard treatment of systemic chemotherapy alone comparing with aggressive cytoreductive surgery in combination with hyperthermic intraperitoneal chemotherapy followed by systemic chemotherapy in patients with peritoneal carcinomatosis of colorectal cancer. They found that OS in patients who underwent cytoreductive surgery followed by chemotherapy was 22.3 months which was better than 12.6 months in patients who received chemotherapy alone (P ¼ 0.032). Similarly, Temple et al. 64 found that resection of the primary tumor was associated with improved survival in patients with Stage IV colon cancer.
A meta-analysis to evaluate survival outcome of maximal cytoreductive surgery in patients with advanced ovarian carcinoma was performed by Bristow et al 65 Patients who underwent more than 75% maximal cytoreductive surgery had improved OS of 33.9 months comparing with 22.7 months in patients with equal or less than 25% maximal cytoreduction (P < 0.001).
Mickisch et al. 66 performed an RCT to compare the treatment of radical nephrectomy plus interferon-alfaebased immunotherapy with interferon-alfa alone in pateints with metastatic renal cell carcinoma. Patients who underwent cytoreductive surgery in combination with interferon-alfa had significant better OS of 17 months in comparison with 7 months in patients who received only interferon-alpha (P ¼ 0.03).
How should we study this concept of primary treatment in oligometastatic PCa?
Prospective randomized trials are ongoing to test the role of primary tumor resection to improve survival in mPCa. Results of ADT as first-line single modality therapy in mPCa are predictably poor. Overall outcomes of mPCa are inversely related to disease burden, patients with more advanced disease will progress sooner in comparison with patients with less advanced disease. Using ADT alone in the treatment of mPCa cannot eliminate metastatic disease because there are cancer cells at the time of diagnosis that can resist and survive in a low androgen environment 35, 67 In addition, systemic therapy alone cannot eradicate the primary tumor. The maximum response from ADT was observed by 8 months. However, the prostates removed by RP after 8 months of neoadjuvant ADT were rarely tumor-free 68, 69 There are several key concepts for studying of primary treatment in patients with oligometastatic PCa. One of the most important concepts to identify feasibility of RP in patients with mPCa is whether or not the complications of aggressive local surgery are outweighed by benefits. RP in mPCa should be evaluated separately from standard RP in localized PCa because of higher risk for locally advanced disease and involvement of adjacent organs. 70 As in the caseecontrol study performed by Heidenreich et al. 57 they reported that RP in patients with mPCA is safe and feasible with the equivalent complication rates in comparison with high-risk localized PCa series. Gandaglia et al. 59 also performed a retrospective study of RP in oligometastatic PCa and found that there were 2 patients from a total of 11 patients who suffered Grade 3 Clavien complications after 5-year follow-up period.
Another important concept is to identify appropriate candidates most likely to benefit from RP because the more tumor burden of patients, the greater is risk of complications. At this time, there is no clear consensus on the definition of oligometastatic and it is unclear who will benefit from surgery. 71 Most of the studies focused on patients with low-volume metastatic disease, low PSA after receiving ADT, and absence of visceral metastasis. 72 To avoid equivocation over the meaning of disease-free after RP, using undetectable PSA and noncastrate testosterone level as a screening at end point is reasonable. Albeit survival is the gold standard for identifying end point in clinical trials, using detectable PSA for evaluating biochemical recurrence indicates treatment failure when the objective is disease eradication. 73 There are several ongoing prospective RCTs evaluating the role of surgery in mPCa which will help to identify effects of RP in patients with mPCa and improve our understanding of biologic heterogeneity of mPCa.
Conclusions
At this time, there are several ongoing prospective RCTS regarding the role of RP in oligometastatic PCa. Data from STAM-PEDE represents the first Level 1 evidence in PCa, highlighting the benefit of treating the primary. A multimodality approach combining systemic therapy with surgery and radiation therapy to all detectable sites of disease is setting new standards in the management of mPca.
